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Birgeneau et al. Reply: In our Letter [1] we reported ter scales have been normalizedfat= 0 T [Ty(0) =
magnetic x-ray scattering measurements of the staggeréd.7 K], and no further temperature scale correction has
magnetization(M;), neutron scattering measurements ofbeen made in comparing the neutron and x-ray data at
both the staggered magnetization and the short range sphl T. Figure 1 contains several important results. First,
fluctuations, SQUID measurements of the magnetizatioit shows that neutron and magnetic x-ray scattering yield
(M), and heat capacity data. The experiments were peidentical results fol/? in the transition region. Second,
formed on both identical and differing samples of thethe ZFC fluctuations correlation length (extracted from fits
prototype Random Field Ising Model (RFIM) system to a Lorentzian squared profile) is a maximumratH),
FeysZnysF, in a uniform field. Data were reported for and this length equals the corresponding FC value at all
both field cooling (FC) and zero field cooling (ZFC) pro- temperatures= T.(H). Concomitantly, the critical scat-

tocols. In Ref. [1] we showed that theompe l'oeilcriti-  tering amplitude measured @t, —0.003, 0) is a maximum
cal behavior model first developed for WnZngosF. ina atT.(H).
field [2] describes the ZFC order parameter of §n 5F» Figure 2 shows the results of SQUID and neutron mea-

in a field quite successfully. Further, we showed that indisurements at 5 T. The SQUID data were taken on a small
rect heat capacity techniques such as magnetization amiece cut from the neutron sample. The neutron data are
birefringence measurements may be readily understoag@nalogous to those shown in Fig. 1 at 6.1 T. As discussed
with the trompe I'oeil model, provided that one includes in Ref. [1], the temperature derivative of the SQUID mag-
a phenomenological term of the ford?2/dT which is  netization shows a sharp peak on ZFC, but not FC. The
present for ZFC, but not FC measurements. Wong [3] antemperature scales of the neutron and magnetization data
Belangeret al.[4] have raised a number of issues con-have again been normalized Ht= 0 T. The net accu-
nected with our model and data analysis. To address thesacy of this normalization isc0.3 K. In plotting the data
points, it is of value to review the neutron data which wereat 5 T in Fig. 2, we have shifted the neutron temperature
discussed briefly in Ref. [1], but not formally presented be-scale by 0.3 K, as indicated by the small arrow at the top
cause of length limitations. of the figure. This is based on the physically compelling
We show in Fig. 1 results of neutron and x-ray scatter-argument that/(TM)/dT should have its maximum at the
ing measurements on an identical sample ofsEe,sF,
in a field of 6.1 T. The x-ray and neutron thermome-
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FIG. 2. Top panel: neutron scattering intensity at (1,0,0)

FIG. 1. Top panel: x-ray and neutron magnetic intensities(LRO) and(1, —0.003,0) at H = 5.0 T. The solid line is the

for H=6.1T. The solid line is the result of a fit to the result of a fit to therompe I'oeilrounded power law form. The
rounded power law of Ref. [2] withT.(6.1 T) = 25.54 K small arrow at the top indicates the 0.3 K shift in the neutron
(dashed line) andr(6.1 T) = 0.9 K. Bottom panel: Inverse data temperature scale. Bottom panel: FC and ZFC data for
correlation length versus temperature on FC and ZFC. d(TM)/dT atH = 5.0 T.
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same temperature as that at which the correlation lengtfiy throughout the sample is insufficient to explain the
is a maximum. In any case, the temperature scale shitibsence of hysteresis.
is within the combined temperature uncertainties, and its We should make several final comments. First, for
omission has no important effect on our argument. each of x-ray, neutron, magnetization, and birefringence

In Ref. [1] we hypothesized that for indirect heat capac-measurements, we find that the subtle temperature cor-
ity techniques for RFIM systems there may be a term ofections which are required to match the critical scattering
the formdM?/dT. Our argument was based on generalandd(TM)/dT peak temperatures, or alternativ@ly(H ),
phenomenological considerations for probes where the relso serve to matcli.,(H), the temperature above which
sponse is determined by short range spin-spin correlationgrue equilibrium is obtained. This is an important ancil-
In fact, such a term has been hypothesized previouslifary result. Second, in Ref. [1] we cited the paper of
by many authors for different kinds of measurements inFishman and Aharony [6] as one place where a term of the
other kinds of systems (see, for example, Ref. [5—7] foform D(H)dM?/dT is predicted. In fact, however, they
discussions of transport, susceptibility, and birefringenceredict the existence of such a term #r= 0, whereas
data, respectively) and has been observed in a number wfe find D(H) = H>*04; that is, this extra contribution
cases. We further hypothesized that the thermal contrivanishes fold = 0. Thus, thedM?/dT term observed in
bution tod(TM)/dT, which is determined by short range our magnetization measurements appears to be generated
effects, would not be very different for FC and ZFC mea-by the random field, not by disorder in the interactions.
surements. Therefore, as a first approximation, the ZF®elangeret al. [4], following Kleemannet al. [8], argue
d(TM)/dT should equal the FC result augmented by thethatd(TM /H)/dT scales likelt|~* wherea is the RFIM
dM?/dT contribution. The solid line in the bottom panel heat capacity exponent. Our results clearly demonstrate
of Fig. 2 is the result of such an analysis. In this casethat this is not the case.
only the amplitude of the/M?/dT contribution (dashed The work at Brookhaven National Laboratory was car-
line) has been varied, and there has been no further adjusted out under Contract No. DE-AC01-76CHO00016, Di-
ment in the temperature scale. Clearly our simple modeVision of Materials Science, U.S. Department of Energy.
describes the ZFGI(TM)/dT data very well. Similar The work at MIT was supported by the NSF under Grant
agreement is obtained at all other fields; in each case thdo. DMR93-15715.
adjustment of the temperature scales to match the peak
temperatures is well within the temperature uncertainties?- J. Birgeneau, Q. Feng, and Q.J. Harris
We regard the evident good agreement as compelling evi- Department of Physics, MIT, Cambridge,
dence that our basic model is correct. Massachusetts 02139
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